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The 
of the 



IgGfor 



y activity (ACA). 




plasiiia is widely used ia the treatii^ent of s 
purpijra and in the prophylaxis of cestain disssses, IgG preparaiions 




Several solutions have beer, proposed to overcome tlje problem with ACA in IgG prepaiutions. 
For exainpLe, in US 3 966 906 a process is described for tj-eating a cmde gamma globulin 
&actioR of serum with pq)sin to disagg^gate IgG md reduce arsticonipisment activity. However, 
I by such a pfrepaMios is uaacceptably sbort since it is rspidly 
She pepsin treated ijsimimogiobultns is that their Fc I 



i as by poiyethyieise 



glycol (PEG) see fore 



e WO 86/06993. 



To solve Else problem with high ACA activiry it has been proposed to chemically modify the IgG 
preparatioxis. For exajTspk, is US 3 902 262 a poUion of the disalphide linkages of the IgG 
STiolecule is reduced to -SH groups aid thesi the -^SH groups are sikylated. 



For obvioas reasons, it would be desirable to have an IgG product which is free ^orsi en2>'matic 
and other chemical modification and to be as close to native as possible. A method foSfiiliag 
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these criteria ha.^ b«en detxribec? in "Aa improved chrornaSogTaphic frietbod far pnsduction of 
IgG from humaii plasma" by I Mdersson, L-0 Lmdquist, J. Berglof; presented at the "XXIII 
Congress of the ISBT', Amsterdam. The Netherlands, luly 2-S, 1994). However, this pix>c«diire 
also shows unsatisfactory high ACA-levels md does not felfii the FDA ssid E0 rsquirtsments for 



Known methods for the 




a) buf&nng plasms, ibr instance either by subjecting the 
diromatogiaphy or by diafiKradon; 

b) removing essglobtilins, such as by 



r leaving the IgGia the a 
removal of eugiobuiiasi 



& by binding albumin m& the like to an 
bB<1gG Action); 

the IgG iractioa obtaiiied m step (c) an 



s) parilyiiig the plasma taction d>taised ia step (d) on a cation exchange 
B (adsosption and release of IgG); 

I the IgG euricbed plasms faction obtained in step (e) (IgG released I 
Ggt5G5-5 cxchsixgcr), pfefcrabiv by ulu-afiltrsuon; 
g) inactivating vinises by &ddmg virus ijsactivation chemicals, preferably 

(S/U) soiutioii, to an IgG enriched phsm& Sas^ion, for isstsace the Section obtained in s 




IgGto a 



Ssmmsr)^ of t!se Inveslfea 

The present ijivendon provides a solsitjois for 

inodifying earlier knovin methods. 



IgG 



iACA.by 



Thus in a first aspect the iiiventiots relates Lo a 

least: (i') removal of 



IgG from pfasms 
1 resuiting ia an IgG fm^tion, (ii') 
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p«rifyii5g IgG torn m IgG taction, which is derived from the IgG fraction obtained In step (j'), 
by adsodjing IgG to a cation exchanger and collecting the adsorbed IgG ftaction, and (iii') virus 
smctivation m an IgG fraction derived from the IgG faction s^liecled is stq> (ii'). Hi« me&od is 
characterized m 

(1) conGeiitra.tmg tfee !g£j fractiors cfbtalnetl in step (i' ), 

{n) adjusting pH to 4±Ct, ! of t'ne IgG iVsction released :Tom the caiion eschai^ger i.sed In step 
(ii'X and preferably maintaining Cbe pH bslow 6.0 during tise remaining si.ep?: of the 
method; and 

(HI) carrying om the vims inactivation (step iii') by issing virus inactivation chemicals, 
preferably a solvent/detesgent (S/D) soMtion, at a temperature of 3(rC ± 2^C tor at least 

Adjustment of piH around 4 is (II) p^inits vinis inactivatioa lo be earned osit at aromsd SO^C. 
& the corresponding earlier process, in which pH was 5,5, ^e level of the proteolytic activity at 

SO'^G was usssGGeptahle- 

A preferred variant of the process according to the inventioa comprises steps (a)-(I<;) above in 
which the albumin removal stq> (c) coiresponds to <i'>, tlie cation excbangs step <e) coixesponds 
to (ii*), and the vires inactiv^on (g) cons^Ksids to (lii'). 

The psiriScatioa aad/6r removal steps above m preferably tm as chromatogr^hy. Appropriate 
separation media ased in Aese steps are liydrophilic in the s^e they are able to expose 
surisces carrying hydrophilic groups, such as hytesy» amido etc, to the liqisid sample 
containing IgG. Appropriate separation media may be found amojsgst those that are based on 
synthetic poiyn^ers aiid/or biopolyme?^ (for instance polysaccharides) carrying hydrophilic 
groups, as referred to above. Depending on where in the process the media is to be applied they 
■nay be uncharged, or may cafr>' positively charged (e.g. ammonium groisps) and/or xiegatively 
charged groups (e.g. carboxy groups and siilphonic acid gmups). The foilowi^ig chronjatogr^phic 
media are preferred; 
step a) : Sephadex G25; 
step c): DEAE Sepharose FFi 
step d): Q Sephsrose FF; 
step c): CM Sspharose FF; 
step h): CM Sepharose FF. 



AB, 



cross- linked dextrand and agarose, ssspectively. 0EAB \ 
dextrar: is substituted with dietbyiammoethyl ^oups. 
mmonimi groups, md CM for carboxy mcdjyi groups. 



Thecoi 
(forms 
of the s 



.) art: 



To be able to use an acetate buffer is the step for retnovai of sims 
b), ths loi-iic sL^engih is adjusted to about 1.40 niS bcibre this step. 

bodiment, the method also comprises, in step (i) lowering of ioEiic s 



(step 



0.5niS±0.L 






el Sltotioji median {preferably having exclission iimits in the 
s Sepharose 4FF (Aaiersham Pharmacia Biotech AB, Uppsala, Sweden) for 



removal of FVIIi and thzt b^s passed a ckromatographic step for adsorption of vstamk K 
s (FIX, prothrombin, FVII, FX ). 



4. Plasma tliat has passed a gel fjUration medmm for removal of FVffi and ftom which fee 



The gel fi 



a could also Ije &ee from AIM and/ or E 



8ek)w two jjon -iimiting Examples of methods according to the invention to purify IgG 
I The methods are perfomsed at xoom touperature, if nothing else is s 




625 L of fcswed plasms is buffer exchaaged into a 0.005 M Na.4c {sodium aceLate) pH 7 on a 
column of diamsier Di = 800 mna md bed height of M « 600 mm, packed with Ssphadex G-25 
C. The fiow is isore than 100 cm/h, preferably 300 cia/h cosrespoisdisgto a Sow rate of 1500 



The efeted plasm is collected in a tank asd IM acetic acid ss added stimng until liie pH 
10*C. Alter stasiding the formed euglobalirs predpitation is imioved by c 



The plasma is atljusted with IM NaAc , pH 5.2 to a final ionic siirngth of I = 1.4 mS (Range I - 
130 - 1.50 ). The pH shall be between 5. 15 - 5.25, 



The plasma is applied is 6 cycles, 25 - 30 g of alb^JHiiji per litre gel, on a colmim of Di = iOOO 
mm and H = 150 mm, packed with DE,'\E Sepharose FF aisd equilibrated with 0.020 M NaAc, 
pH 5.2. llie linear flow rste is more than 60 cm/h, pmferably 120 cm^li corr^pondisg to a Sow 
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rats of 942 L'li. in the equilsbratian buffer the igG will p-ass tlie coiiinm whilst dis albomin is 
adsorbed. AVisx 3 cycles the coiumn is washed with 1 .7 Vc (Vc = bed voMme ) of 0. 1 5 M NaAc 
pH 4.0 + 0.5 M NaCI, 0.5 Vc of 0.5 M NaOH L7 Vc of 0J5 M NaAc pH4.0. 

The IgG fraction of about 2350 L is coiscenlmted by ultrsfiltration to a final voksie less or equal 
to 625 L, preferably 400 - 500 L. The procediure shall be started at the ist^t, wkea tlie whole 
feaction is collected &om the DEAE Sepharose column. 

The IgG solution is pH adjsisted to pH 6.5 (6.45-6.55) with IM NaOH asid the ioric strength Is 
adjjisted to L40 mS (130-1.50 mS) by adding of WFI water (WFI » watfa- for iajection). 



The fgG soiutson is applied is 6 cydes <m a coiaian of Di - i 000 mm ana E « 150 trui^, packed 
with Q Sqjharose FF and equilibrnted with 0.020 M NaAc, pH 6.5. linear flow rate is more tha^ 
30 cm/h preferably 100 cm/fe cosTespouding to 785 Uh. A^er 3 cycles the colimm is washed 
with 0.5 Vc of 0.5 M NaOH and L7 Vc of 0.15 M NaAc pH 4.0 The break teiagh feaction 
containing IgG is directly sdsoifeed on die next column of 0i = 800 mm and H - 80 irsa and 
packed with CM Sepharose FF. When the IgG Action from all 6 cycles has been prnnped 
through, the column is washed with 10 Vc of 0,01 M Glycine buff^, pH 7.0. The IgG is then 
eiuted witli 7 Vc of 0. 1 M Giycixte + 0.15 M NaO pH 9.0. 



The pH of the solution i^ adjusted to 4.01 0. 1 with IM HAc (Acetic acid) md cpsc^sitrated by 
uMltration to about 5% IgG. 

Virus mactivation cb^cds, Triton X-iOO and TISTBP, are added to the IgG solution during 
sdnESg. This mixture is traisf^ed to the incubatioii tank M heat treatment at 30t;± 2'C for 4- 
16 honrs. The ionic strength of tiie solution is adjusted to ! .40 mS by dilation wife WFI and 
sppUsd m I cycle on another column of 131 = 800 mm and H - SO mm, packed with 
CM Sepharo.'se FF sud equilibrated with 0.020 M MaAc buffer pH 4.D. The liusar Sow rate is 
mors than 40 cxn/h, preferably SO cm/"h, corresponding to 4(.K) L/h. Af>.«r applicatioji the coiurmi 
is washed with 1 0 Vc of 0.01 M Glycine buffer pH 7.0 in order to remove the inactivation 
chemicgls. The IgG is eltJied with 7 Vc of 0.1 M Glycine 4- O.iS M NaCi pH 9.0 at the same fsow 
rate md adjusted to pH 4.0 wife IM HCL The solution is thm concentratsti by ultraSltratioB to 
5% to 7% IgG and the ios^ic strength is adjusted by diafiltration to 0.5 inS±0.2 mS. Fiscally the 
soktion is adjusted to S.0%. 



The solution is 

- Sucrose ig/gIgG 

- IgG5% 

' pE 4.0. 

~ ioaic strength 0.5 mSi 0.2 m 
Atler sterile filtratiofi, SOing and 



the soMon is ready for delivexy or storage, 
jfined above was foand to be OJ-0.7 CHWmg 




jhaaged into a 0.005 M NaAc (s 
d bed heigfetof H - 600 smn, pi 



7 on a 
Q'25 
oflSOO 



The eluted plasma is collected in a task and 
5.2 ss reached. Hie plasma is teB 
lOT. After stsading the ^msd mgh 




The plasma is adjissted wi^ IM NaAc. pH 5.2 to a fiual ioMc strength of I =» 
! .30 - 1 .50 ). The pH shall be between 5.15 - 5.25. 

Ths plasma is applied in 6 cycles, 2$ - 30 g of aFouiiiin per litrs gel. on a column of Di = lOOG 
nsm ajid H - I SO packed v^^ith DE/\E Sspharose FF siid equihbrated with 0.020 M HaAc, 
pH 5.2. The linear How rate is more man 60 cnVh, preferably 120 corresponding to a flow 
rate of 942 JJh. In the equilibration butTer the IgG will pass the oolnmn whilst the albujuin is 
adsorbed. After 3 cycles the coim is washed with i.7 Vc (Yc -bed vokme) of 0.15 M NaAc 
pH 4.0 -s- 0.5 M NaCl 0-5 Vc of 0.5 M NaOH and 1.7 Vc of 0.15 M NaAc pH 4.0. 
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Tiie IgG frscdon of abouE 2350 L is conceiurated by ukraflltraiion ro a final voiiiirse Isss th'du or 
equal to 625 L, preferably 400n500 L. The procedisre shall be started &l the latest, whers iise 
whole fraction is collected 6om the DBAE Sepharose coluniu. 

The IgG soludon is pH adjusted to pH 6.5 (6.4S'6.S5) with IM NaOH and the ionic strength is 
adjusted to 1 .40 mS (1 .30-1 .50 mS) by adding of WFI water (WFI =« water for iisjection). 

The IgG solution is appliet! in 4 cycles on coluirin of I)i = 1000 mni and H = 150 jnm, packed 
wth amixed bed of DEAE Sepharose T-r an-:5 Argj^ur;'/ Sepharose PF is a proportion 60%/40% 
and equilibrated witb 0.020 M NaAc\ pi l 6.5. Linear .How rsu: ;£ n;ore than 30 cnvli, preferably 
100 cm/h correspox'iding to 785 Uh. Aiier 2 cycles the eoiumn is washed with 0,5 Vc of 0,5 M 
NaOH and i .7 Vc of 0. 15 M NaAc pH 4.0, The break through fraction containitig IgG is 
directly adsorbed on the aext column of Di = 800 mm md H - 80 asm, packed "vvith CM 
Sepharose FF. When the ftactioK &om all -6 cycles has been pumped tfeough, the coluinn is 
washed with 10 Vc of 0.01 M Glycine buffer, pH 7.0. The IgG is thffxi eluted with 7 Vc of 0.1 M 
Glycine + 0.1 5 M NaCI pH 9.0. 

Hie pH of the soiutios is adjmM to 4.04; 0, 1 with IM BAc {Acetic acid) am! concentrated by 
ultraSltratidn to about 5% IgG^ 

Virus inactivadort chemicals, Triton X-IGO and TNBP, are Mded to the IgG sobtiorj diii-ing 
stimng. This isixtare is traasferted to the itsoibation tai^ for heat treatnjent at 3tfC± Z°C for 4- 
16 ho«rs. The iomc jstrength of the solution Is adjusted tio 1 .40 laS by dilution with WFI md 
spplisd in I cycle <m amte cohoisa of Di = SOO mm and H - SO mm, packed with CM 
Ssph^ose FF and equilibrated with 0.020 M HaAc bu:^er pH 4.0. The linear flow rate Is more 
diaa 40 cns/h, preferably SO cm/h corresponding to 400 Uh. ASer application the colonm is 
washed with 1 0 Vc of 0.01 M Glycine buffer pH 7,0 m order to remove the laactivatioB 
chsmicals. The FgG is slureii with 7 Vc of 0. 1 M Glycine - 0. 1 5 M NaCI pH 9.0 at iht SJime flow 
rate and adjusted to pH 4.0 wife IM liCl The solMjoiiis dica conceatrnted by ultrafiltratios^ to 
5% to 7% IgG and the ionic stretigth is adjusted by diafiltration to 0.5 mSl:0.2 mS. Finaily the 
soiutioB is adjusted to 5.0%. 
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The sohstion Is fomiulsled m in Example 1 . Aftei swrile fil-rs-tion, filling and capping, the 
solution is ready for delivery or storage. AC A for different batches measured as defined above 
was fouad to be 0.5-0.7 CHjo/mg ixianunoglobaiin. 
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(ffi) 



for producing IgG from plasma for msdicaf applicatioBS, comprising M least: (i') 
of albumin resultmg m ant IgG fractioB. (ii') purifykg IgG tons an IgG faction, 
is derived from the IgO fractioa obtained is step (s'), by adsorbing IgG to a catioji 
iger asd collecting the adsorbed IgG iteion, aad (iii*) viriK iuactivation in as igG 
derived Som the IgG Mdioji collected in step {ii'), eissracterized in 
coBCsntrating the IgG fraction obtained m step (i'), 

adjusting pH to 4±^).i in the IgG Iractiou released &om the cation exchanger in step 
in'), and prefei^biy maintainisjg the pH below 5,0 during the remaining steps of the 



cairyfiig out the ntm inaetivatiori (step iis') by k 
30'C ± 2»C for at least 4 hotjrs. 



of claim I coiiiprlsmg the steps: 
of fresh plasma^ 

Ofeuglobu^ir!^; 

of albumin followed by (I) of claim I; 

of plasma fraction obtained a^er rsmoval of eiiglobulins and 
ager and coUectiasg the unbound plasma faction (IgG fraction); 
IgG Sacsicm obtained i» step (d) on a cation exchanger an 
IgG plasma fraedoa Including adj^ssting pH as deined in (B) of cMm 1; 

of vims as defined in <m) of claim 1 in the IgG plasma Sracdon 



step(D; 




of the virus inactivation cbemicak added in step (g) by adsorbing IgG to a cation 
d rdeasing and collecting the bound IgG plasma fraction; 
of the IgG plasma fraction collected in step (h); 
of the IgG plasma fraction concentrated in step (i); 



3. The method according to i 



I 1-2, 



to is 



4. The method according to anyor.e of clasms 2-3, 
about 1 .40 mS before step h). 



5. The method accordiaig m myoiie of dmirts 2-4, wherem an acetate buffer is used in step h). 



6. 'me methcKi aocordisg to one or more of the above <; 
preferably in step (i) of claim 2, of ionic stresgJi 



to0.5mS±0J. 



7. The 



according to claim 6, 



the lowering of ihe iojdc strength is by diafiltrauon 



Seph8dexG25 

EuglosyliQ precipitation 
DEAESephiu-sjseFF 




